The continuous fiber reinforced polyethylene impregnated tapes were prepared by a continuous fiber impregnated mould and a corresponding assembly line for the tapes, with polyethylene and glass fiber used as the main raw materials. The effects of fiber preheat temperature and the size of die on the tensile strength and content of the glass fibers were studied. The results show that suitable preheating temperature and die size were conducive to the increase of the tensile properties of composites. The crystallization behavior of the composites and their base resin was researched by a differential scanning calorimetry (DSC). The results show that, the crystallization temperature of the composites is significantly higher than that of the matrix resin.
. Some large companies abroad used mostly PP, PA, PEEK and so on as matrix resin for commercial products of prepregs, and melt impregnation was the main preparation technology [2] [3] [4] . Additionally, it is reported [5] that Teijin Group in Japan and Toho Tenax in German (TTE) supply in bulk carbon fiber reinforced thermoplastic prepregs since April 2011, with matrix resin including PEEK, polycarbonate (PC) and polyetherimide (PEI), and confirm for the first time a new molding technology for continuous fiber reinforced thermoplastic composites within 1 minute. Deng Jie [6] et al prepared continuous glass fiber reinforced PEEK impregnated tapes by means of melt impregnation and studied the relation between fiber dispersion and properties; Fang Li [7] prepared unidirectional continuous glass fiber reinforced PP impregnated tapes with glass fiber and PP by means of melt impregnation, which were later made into braided fabrics to prepare continuous glass fiber reinforced PP composite plates through laminating process, and then studied properties of such plates.
This work is designed to research into effects of fiber preheating temperature and die size on tensile strength and fiber content as well as role of fiber in crystallization behavior of composites by a continuous fiber impregnated mould and a corresponding assembly line for the tapes.
Experimental 1.1 Materials
High density polyethylene (HDPE), produced by The National Petrochemical Company of Iran; glass fiber, domestic industrial product; maleic anhydride grafted polyethylene (MAPE), domestic industrial product.
Preparation of impregnated tapes
The experimental instruments involved such as RM-200A series torque rheometer, single screw extruder and three-roller calendar manufactured by Harbin Hapro Electric Technology Co., Ltd. The glass fiber was passed through a self-made impregnated mould which, after assembled, was installed onto the extruder. Fiber on the creel was preheated and dispersed in a pre-dispersion device after passing through guide rod and pulley, and then entered into the impregnated mould to be completely exposed to and impregnated in molten HDPE. The impregnated continuous fiber bundles were imported into three-roller calendar for calendaring via differently sized dies and molded in the drawing device. Finally, impregnated tape composites with different fiber content, width and impregnation effects were obtained.
Tests and characterization 1.3.1
Determination of fiber content For materials for impregnated tapes, fiber content=fiber mass/(fiber mass+ HDPE mass). Fiber content in impregnated tapes can be figured out according to the following formula:
Where, M1=2.4g, the mass of 1m long fiber, is a fixed value; M is the mass of a 1m long impregnated tape and varies as preparation technology and °C condition changes.
Mechanical properties 1.3.2.1 Tensile strength
A micro-control electronic universal testing machine manufactured by CAS Changchun Kexin Company was employed and both ends of impregnated tape composites were wrapped with a layer of abrasive paper to increase friction between impregnated tapes and fixtures, so as to ensure that impregnated tapes will not fall off the fixtures during experiment and prevent structure of impregnated tapes from damages.
Hardness
The test used TH210 Type D shore durometer manufactured by Beijing Time High Technology Ltd. to determine shore hardness of spline as per national standard GB2411-80.
1.3.3
Analysis with differential scanning calorimetry Type Q100 differential scanning calorimetry manufactured by TA Instruments was used, with heating and cooling rate set as 10 °C/min in the range of 60-210 °C. Before testing, standard indium was used for calibration of temperature and heat flow of the tester. The test was performed under nitrogen protection, with sample size of 5mg-10mg each time. Figure 1 shows effect of dispersing roller temperature on tensile strength of impregnated tape composites. It can be seen that as the preheating temperature of dispersing roller rises, tensile strength of samples increases first and then decreases. Within the range of 125-175 °C, tensile strength of samples increases significantly and peaks at 596.34 MPa when the temperature is 175 °C; while it gradually decreases as the temperature rises from 175 °C. Figure 2 shows effect of die width on fiber content in impregnated tape composites. It can be seen that fiber content in impregnated tape composites decreases as die width increases, since the content passing through molten resin increases as die size largens if both die thickness and fiber content through the die within unit interval are constant. As a result, fiber content in impregnated tape composites decreases accordingly. Figure 3 shows effect of die width on tensile strength of impregnated tape composites. It can be seen that if die thickness is kept unchanged, tensile strength first increases and then decreases as die width largens. It peaks at 612.52 MPa when die size is 20mm. If the die width continues increasing, both fiber content and tensile strength will decrease. 
Results and Discussion
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Contrastive analysis of mechanical properties of impregnated tapes and matrix resin
To compare the relation between properties of impregnated tape composites and matrix resin, the experiment made a contrastive analysis of tensile strength and hardness of pure HDPE and impregnated tape composites prepared under dispersing roller temperature of 175 °C, drawing rate of 15 r/min and die width of 20 mm. Figure 4 shows comparison between tensile strengths of impregnated tapes and HDPE. In the figure, tensile strength of HDPE is 32.43 MPa and that of impregnated tapes 612.52 MPa. It can be seen that glass fiber evenly distributed in the resin significantly increases tensile strength of impregnated tape composites. Since glass fiber with high tensile strength is distributed in impregnated tape composites in the radial direction, fiber will be pulled out or broken during tensile test of such composites, which may require more energy consumption. Therefore, tensile strength of impregnated tape composites is much higher than that of HDPE, which also indicates clear role of fiber in reinforcing HDPE. Figure 5 compares hardness of impregnated tape and HDPE. Glass fiber, as a rigid inorganic substance, has a significantly larger hardness than the polymer HDPE. In Figure 5 , HDPE hardness is 46 HD while that of impregnated tape composites is 65 HD, a 41.3 % increase. This shows that glass fiber, if added in, can not only remarkably increase tensile strength of impregnated tape, but also effectively increase the hardness. This is because glass fiber, as rigid inorganic filler evenly dispersed into resin HDPE, largely increases the content of rigid materials in impregnated tape and consequently improves the hardness of the composite. Figure 6 shows DSC crystallization curves of impregnated tape composites and pure resin HDPE. It can be seen that crystallization temperature of pure resin HDPE is 116.68 °C while that of impregnated tape composites is 120.07 °C, and the latter is rising relative to the former. This is because glass fiber plays a role of nucleating agent in impregnated tape composites; different from homogeneous nucleation of pure resin HDPE, the fiber plays a role of heterogeneous nucleation. And it features rapid crystallization. Compared with crystallization of pure HDPE resin, heterogeneous nucleation may happen under higher temperature. As a result, crystallization temperature of impregnated tape composites is seen rising.
Tensile strength
Hardness
Analysis of crystallization behavior
Conclusion
Effects of fiber preheating temperature and die size on mechanical properties of glass fiber reinforced polyethylene impregnated tapes as well as their crystallization behavior were researched. The results indicate that as dispersing roller temperature rises, impregnation effects of impregnated tape composites better first and then worsen while tensile strength increases first and then decreases accordingly. When dispersing roller temperature reaches 175 °C, impregnation effects was the best, with tensile strength at its peak of 596.34 MPa.
Tensile strength gradually decreased with increase of the die width; when the width was 20mm, it peak value was at 612.52 MPa. The tensile strength and hardness of impregnated tape composites increases significantly with filling continuous glass fiber; compared with matrix resin, the tensile strength increased by approximately 20 times and the hardness increased by 41.3 %. Analysis of crystallization behavior shows that incorporation of fiber raised crystallization temperature of impregnated tape composites, which means the fiber glass plays a role of heterogeneous nucleation.
